In general, risk factors for thrombosis in patients with ET include: increased age, a prior thrombotic episode, and the presence of risk factors for atherosclerotic heart disease [5] . Several authors agree that there does not appear to be a linear relationship between platelet counts and thrombosis [2, 6] , but others attribute both the development of thrombosis and hemorrhage to an increasing platelet count [1] . Furthermore, there is no consistent evidence that the in vitro assessment of platelet aggregation will identify patients at risk for thrombosis [3] . It is therefore not surprising that the task of appropriately adding those patients with ET who are at increased risk for thrombotic events poses both a clinical and laboratory challenge. As a result a detailed understanding the thrombotic mechanisms becomes difficult owing to the possible multifactorial nature of thrombosis in these patients.
It is well recognized that plasminogen activator inhibitor (PAI-1) acts as the primary physiological inhibitor of plasminogen activation in vivo, and is associated with a variety of thrombotic conditions when elevated, including myocardial infarction and deep venous thrombosis. Elevated PAI-1 concentration was found to be a reliable predictor of coronary events in patients with angina pectoris or previous myocardial infarctions [7] . Moreover, PAI-1 appears to be upregulated in obesity, atherosclerosis, hypertension, glucose intolerance, insulin resistance and malignancy [8] . Although not often reported, an association between PAI-1 elevations and thrombogenesis has also been a feature in patients with ET [6, 9] .
Material and Methods

Patients
30 patients diagnosed with ET and 30 healthy persons as control were enrolled in this study. The ET diagnoses were made as per the diagnostic criteria suggested by the Polycythemia Vera Study Group [10] . Age averages of both groups were similar (59.5 ± 9.9 vs. 56.2 ± 6.1, p: 0.121) ( Table 1) . No symptoms of any acute infection or inflammatory disease were seen in the ET cases and healthy control group. None of the ET cases or healthy controls was on oral
Introduction
Generally, ET is a myeloproliferative disorder characterized by persistent peripheral thrombocytosis and abnormal megakaryocytic proliferation in the bone marrow [1] . ET is a rare cause of thrombocytosis and may be associated with both venous and arterial thrombosis in 10-75% of cases, depending largely on the study and whether vasomotor symptoms are included in thrombotic manifestations [2] [3] [4] . Thrombotic events may be observed in both microvascular and macrovascular arterial circulation in patients with ET [3] . contraceptives or hormone replacement therapy during their blood sample collections. All researches were approved by the local ethics committee. The procedure used was in compliance with the 1975 Helsinki Declaration as revised in 2000, and their blood samples were collected after their informed consents were taken.
Laboratory analyses
Venous fasting blood samples were collected from an antecubital vein in evacuated tubes with 3.8% trisodium citrate as anticoagulant (Vacuette, Greiner Bio-One, Austria). After centrifugation, the plasma samples were aliquated, frozen and stored at -80°C for PAI-1, uPA, thrombomodulin (TM), TFPI and vWF analysis. Repeated freezing and thawing processes were avoided. Plasma PAI (Bender MedSystems Inc, Vienna, Austria), uPA, TM, TFPI and vWF (American Diagnostica Inc., Stamford, CT, USA) levels were determined by ELISA method according to manufacturer's instructions.
Statistical analyses
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, version 11.0 for Windows, Chicago, Ill, USA). Data were expressed as mean ± standard deviation (SD). A "p" value < 0.05 was accepted as significant. KolmogorovSmirnov test was performed to assess the normality of the variables. T-test and Mann-Whitney U tests were used to compare the variables. According to Kolmogorov-Smirnov test, the distribution of TFPI and vWF were normal (p > 0.05) whereas the distribution of PAI, uPA and TM were not normal. Normally distributed variables were compared with t-test whereas other parameters were compared with Mann-Whitney U test.
Results
The study group consisted of 30 essential thrombocytosis patients with a mean age of 59.5 ± 9.9 and 30 healthy controls with a mean age of 56.2 ± 6.1 (Table 1 ). Mean PAI-1, uPA, TM, TFPI and vWF levels of groups are presented in table 1. There was a significant difference in PAI-1 (Figure 1 Pearson's correlation analysis revealed that platelet count was correlated with thrombomodulin ( Figure 5 ; r = 0.30, p = 0.020), TFPI ( Figure 6 ; r = 0.30, p = 0.019) and negatively with uPA ( Figure 7 ; r = -0.27, p = 0.036) in the whole study group.
Discussion
Plasminogen activator inhibitor-1 (PAI-1), a member of the serine proteinase inhibitor (serpin) family, is produced in the liver and endothelial cells and is expressed in thrombocytes, liver cells, monocytes, and smooth muscle cells [11] . Most active proportion of PAI-1 is found primarily in the liver and secondarily in the spleen [11] . A small portion of PAI-1 is found in the brain and myocardium [12] . Normal human blood contains independent pools of plasma and platelet PAI-1 as well, in varying amounts and activity [10] . 
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Although found in small quantities (7%), it is the plasma PAI-1 that shows the highest activity. Platelets, in contrast, account for the remaining 93% of blood PAI-1, with only 3-5% activity [13] . PAI-1 is affected by gender, age, obesity, plasma concentrations of tumor necrosis factor (TNF-alpha), interleukin-1(IL-1), tumor growth factor (TGF)-β, lipopolysaccharides, phorbol esters, glucocorticoid hormones, VLDL, and insulin [14] . Possessing a circadian rhythm, PAI-1 shares similarities with hormones and other cytokines associated with thromboembolic events (including myocardial infarctions), with peak activity in the early morning followed by rapid tapering [15] . Amongst other features, PAI-1 is known to be an acute phase reactant. Increased plasma PAI-1 activity is found during acute events such as myocardial infarction, postoperative period, endotoxemia, and septicemia [12] . In fact, PAI-1 levels have been shown to be a good prognostic factor for fatal outcomes in septicemia because PAI-1 is increased up to fivefold in response to endotoxin, lipopolysaccharides, and IL-1 elevations [12] .
The PAI-1 molecule reacts rapidly with tissue plasminogen activator (tPA) and uPA, forming very stable, stoichiometric 1:1 complexes, as is typical for serpins [15] . However, PAI-1 lacks cysteines (and hence disulfide bonds) unlike other serpins but contains multiple methionines. The detection of PAI-1 mRNA and PAI-1 antigen in megakaryocytes suggests that PAI-1 may be deposited into alpha granules during the maturation of these cells. Studies have shown that approximately 4000 molecules of PAI-1 per platelet are localized in the alpha granules [16] . On activation, platelets will secrete both PAI-1 and alpha 2-antiplasmin, inhibiting plasmin formation and activity, respectively [17] . Most of the platelet PAI-1 appears to be in the latent form, a phenomenon that may be associated with the stabilizing effects of vitronection [18] . It has been suggested that the latent form of PAI-1 may be responsible for the resistance to thrombolytic therapy by platelet-rich thrombi [19] . However, the presence of a large storage pool of latent PAI-1 in platelets also raises the possibility that mechanisms may exist for the activation of this form of PAI-1 in vivo.
Although found in low concentrations in the blood, PAI-1, is primarily responsible for in vivo inhibition of both tissue type (tPA) and urokinase-type (uPA) plasminogen activators. Under the influence of both genetic and environmental factors, PAI-1 elevation has been associated with the promotion of both venous and arterial thrombus formation in a multitude of medical conditions [20] . PAI-1 has been positively correlated with severe hypertension, myocardial disease, deep venous thrombosis, malignancies, including myeloproliferative diseases, disorders of glucose and lipid metabolism, type II diabetes mellitus, polycystic ovarian syndrome, and is influenced by both alcohol consumption and acute infection [20] [21] [22] . Although the association between arterial thrombosis and myeloproliferative disorders has been previously established, the relation between ET, PAI-1 elevations, and arterial thrombogenesis has been only sporadically mentioned in the literature [23, 24] . PAI-1 is expressed within invasive foci of multiple types of human cancer [25] . It was reported that PAI-1 is not produced by epithelial cancer cells but by the stromal cells contained within various tumors. High levels of PAI-1 have been found within the endothelial cells of small vessels in breast, gastric, liver, pancreas, lung, ovary, skin, brain, and colon carcinomas. High PAI-1 levels in certain tumors may predict poorer outcome. Additionally, a strong correlation between the number of tumor-positive axillary lymph nodes, particularly in breast cancer, and increased levels of PAI-1 has been made [25] . This association may have significant prognostic and therapeutic implications and may serve as supportive evidence for PAI-1 surveillance in cancer patients at risk for thromboembolic events.
Tissue factor pathway inhibitor (TFPI) is an endothelial membrane-associated protein [26] . TFPI co-localizes with tissue factor and macrophages in atherosclerotic plaques, where it may reduce thrombotic and inflammatory potential [27] . In vascular injury models, TFPI infusion or local gene delivery had favorable effects on thrombosis and restenosis [28] , while TFPI deficiency in atherosclerosis-prone mice was associated with more atherosclerosis, more plaque tissue factor activity and decreased time to occlusive thrombosis with vascular injury [29] . TFPI circulates primarily bound to lipoproteins with a smaller free component; both can be measured with commercial assays [30] . Both free and total TFPI concentration may be higher with acute or chronic vascular disease [31] . Not all studies agree, however [32] . Epidemiologic studies have reported conflicting results concerning correlation of TFPI with vascular risk factors [33] . However, TFPI is essentially the stoichiometric inhibitor of extrinsic pathway (FVIIa-tissue factor) of coagulation. The complex that it forms through binding with FXa rapidly inactivates the FVIIa-tissue factor. It should be considered that this increase seen in the TFPI level is caused by the co-activation of the tissue factor with FVIIa.
As we know, Thrombomodulin (TM) binds with α-thrombin, and neutralizes its procoagulant activity; and plays a cofactor role of α-thrombin in the activation of Protein C and TAFI (Thrombin Activatable Fibrinolysis Inhibitor), and has anticoagulant and antifibrolinytic function. Its increase in ET indirectly shows that α-thrombin is activated in this disease group.
Increase in the PAI-1 and uPA levels in ET cases indicates that coagulation is activated in addition to vascular injury. Although genetic factors such as JAK2 are shown to cause thromboembolism in ET, also vascular injury as well as activation of coagulation may be assumed to cause this.
uPA is one of the major extrinsic activators in the blood, and is effective in both vascular tissue and extravascular tissue. uPA is reported to have a significant role in the activation of matrix metalloproteinase, as well as degradation of extracellular matrix through its plasminogen activation [34, 35] . Particularly, it has an amplifying effect on the formation speed of plasmin secondary to fibrin in the fibrinolytic process as does t-PA on vascular tissue. Although it is assumed that uPA is primarily effective in extracellular matrix degradation, as well as tissue repair and remodeling, the existence of its profibrinolytic features should not be ignored. Since it has showed negative correlation with the number of thrombocytes in our study, we consider that fibrinolysis occurs after coagulation in these cases, and the number of thrombocytes decrease after occurrence of this process.
Consequently, due to increase in the PAI-1, uPA, TM and TFPI values in ET, we assume that some of the coagulation parameters activated in this disease should be included in the factors that cause thromboembolism.
